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R. Balian, M. Kl\’eman and J.-P. Poirier (Eds.), Les Houches Session XXXV Physique des D\’efauts (North
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$\delta A;\equiv\sum_{a}\delta a_{\alpha}(W^{-1})_{\alpha i}=dA_{i}+\sum_{k}\sum_{j}A_{k}dx_{j}\Gamma_{jk}^{1}$
A $(\delta a_{\alpha}=0)$
























$R_{\tau j}$ $(x=r\cos\theta$ $y=r\sin\theta)$
















$\{\begin{array}{l}\dot{x}_{j}(t)=R_{\alpha}(t)(W^{-1}(t))_{\alpha j}\frac{d}{dt}(W^{-1}(t))_{\alpha j}=-(W^{-1}(t))_{\alpha k}\dot{x}_{m}(t)\Gamma_{mk}^{j}(r(t))\end{array}$
Fokker-Planck ,
$x_{j}(t+ \Delta t)=x_{j}(t)+\int_{t}^{t+\Delta t}dt_{1}R_{\alpha}(t_{1})(W^{-1}(t_{1}))_{\alpha j}$
2N. Ikeda and S. Watanabe, Stochastic Differential Equations and Diffusion Processes (North Holland,
Kodansha, 1981).
45
$(W^{-1}(t_{1}))_{\alpha j}$ $=(W^{-1}(t))_{\alpha j}- \int_{t}^{t_{1}}dt_{2}(W^{-1}(t_{2}))_{\alpha k}\dot{x}_{m}(t_{2})\Gamma_{mk}^{j}(r(t_{2}))$
$\simeq(W^{-1}(t))_{\alpha j}-(W^{-1}(t))_{\alpha k}\int_{t}^{t_{1}}dt_{2}R_{\beta}(t_{2})(W^{-1}(t))_{\beta m}\Gamma_{mk}^{j}(r)$
$x_{j}(t+\Delta t)-x_{j}$ $\simeq\int_{t}^{t+\Delta t}dt_{1}R_{\alpha}(t_{1})(W^{-1}(t))_{\alpha j}$
$- \int_{l}^{t+\Delta t}$ 1 $\int_{i}^{t_{1}}dt_{2}R_{\alpha}(t_{1})R_{\beta}(t_{2})(W^{-1}(t))_{\alpha k}(W^{-1}(f))_{\beta m}$
$\cross\Gamma_{mk}^{j}(r)$
$P(r, t)$
$\frac{\partial}{\partial t}P(r, t)=[-\frac{\partial}{\partial x_{j}}C_{j}(r)+\frac{1}{2}\frac{\partial^{2}}{\partial x_{i}\partial x_{j}}D_{1j}(r)+\cdots]P(r, t)$
$C_{j}(r)$ $= \lim_{\Delta tarrow 0}\frac{1}{\Delta t}\langle x_{j}(t+\triangle t)-x_{j}\rangle_{r(t)=r}$






$D_{ij}(r)$ $\equiv\lim_{\Delta tarrow 0}\frac{1}{\triangle t}\langle(x:(t+\triangle t)-x;)(x_{j}(t+\triangle t)-x_{j})\rangle_{r(t)=r}$
$= \lim_{\Delta tarrow 0}\frac{1}{\triangle t}\int_{t}^{t+\triangle t}dt_{1}\int_{t}^{t+\Delta t}dt_{2}\langle R_{\alpha}(t_{1})R_{\beta}(t_{2})\rangle(W^{-1}(t))_{\alpha i}(W^{-1}(t))_{\beta j}$
$=2Dg^{lj}(r)$
46
$\frac{\partial}{\partial t}P(r, t)=D[\frac{\partial}{\partial x_{j}}g^{km}(r)\Gamma_{mk}^{j}(r)+\frac{\partial^{2}}{\partial_{X_{1}}\cdot\partial x_{j}}g^{ij}(r)]P(r, t)$
[ ]
$\{\begin{array}{l}S_{jj}=\delta_{ij}K_{xxy}=-K_{xyx}(\frac{\phi}{2\pi}I\frac{-y}{x^{2}+y^{2}}K_{yxy}=-K_{yyx}\frac{\phi}{2\pi})\frac{x}{x^{2}+y^{2}}K_{\dot{j}k}=0(\dagger ffi \text{ }9)\end{array}$
$\{\begin{array}{l}g^{*j}=\delta_{*j}\Gamma_{jk}^{n}=K_{\dot{J}^{kn}}\end{array}$
Fokker-Planck
$\frac{\partial}{\partial l}P(r, t)=D[\frac{\partial}{\partial x}(\frac{\phi}{2\pi})\frac{-x}{x^{2}+y^{2}}+\frac{\partial}{\partial y}(\frac{\phi}{2\pi}I^{\backslash }\frac{-y}{x^{2}+y^{2}}+\frac{\partial^{2}}{\partial x^{2}}+\frac{\partial^{2}}{\partial y^{2}}]P(r, t)$
$U( r)=-(\frac{\phi}{2\pi})\log\sqrt{x^{2}+y^{2}}$






3K. Kawamura, Z. Physik B29 (1978) 101; K. Kawamura, Topological Disorder in Condensed Matter $($









$Aarrow Darrow Earrow B$ $A$ $B$






$r(\tau)$ $[0\leq\tau\leq t]$ $r(O)=r_{0}$ , $r(t)=r$








$x,$ $y$ $z$ $xy$
$z$
$Q= \int_{0}^{t}d\tau[\dot{x}(\tau)W_{x3}(x(\tau), y(\tau))+\dot{y}(\tau)W_{y3}(x(\tau), y(\tau))]$


















$\cross I_{|\lambda|}(\frac{rr_{0}m}{i\hslash t})\exp[(\frac{im}{2\hslash t})(r^{2}+r_{0}^{2})]$
$z$ $k$
$G( rt|r_{0}0)=\frac{1}{2\pi}\int_{-\infty}^{\infty}dk$ $e^{ik(z-zo)}G_{k}(r\phi t|r_{0})$
$G_{k}(r\phi t|r_{0})$ $=( \frac{m}{2\pi i\hslash t}I\int_{-\infty}^{\infty}d\lambda$ $\sum_{n=-\infty}^{\infty}$
$e^{i\lambda(\phi+2n\pi)+*kb(\phi+2n\pi)/2\pi-\hslash k^{2}t/2\dot{\iota}m}$





$N(E)=- \frac{1}{\pi}{\rm Im} G(E+i\delta)$
5S. F. Edwards, Proc. $Roy$ . Soc. 91 (1967) 513.
6L. S. Schulman, Techniques and Applications of Path Integrals (Wiley, New york, 1981).
7K. Kitahara, K. Nakazato and H. Araki, Topological Disorder in Condensed Matter (Springer Series
in Solid State Sciences $-46$ , Eds. F. Yonezawa and T. Ninomiya, Springer, Berlin, 1983) p. 153; 4 ,
No. 231 ( 1982 9 ), p.22; K. Kitahara, K. Nakazato and H. Araki, Proc. Int. Symp.
Foundations of Quantum Mechanics (Eds. S. Kamefuchi et $a\mathbb{I}$ , Phys. Soc. Japan, 1984), p. 59; K.






























$a^{2}= \frac{1}{\lambda’}$ $y_{0}=- \frac{K}{\lambda}$
$\{r+Q(S)u_{z}|\exp(-\frac{iHt}{\hslash})|r\}$
$= \{r+Q(S)u_{z}|\exp(-\frac{i\overline{H}t}{\hslash})|r\}$
$= \int dk\sum e^{-iQ(S)k}\infty$
$n=0$
$\cross\exp[-iQ(S)k-\frac{it}{\hslash}\{(n+\frac{1}{2})\frac{\hslash^{2}|\lambda|}{m}+\frac{\hslash^{2}k^{2}}{2m}\}]$
, $K,$ $k,$ $n$ , $V|\lambda|dk/(2\pi)^{2}$
$N(E)$ $= \frac{V}{2\pi}\int_{-}^{\infty_{\infty}}dk\int_{-\infty}^{\infty}d\lambda\int_{-\infty}^{\infty}dSe^{i\lambda S-ikQ(S)}$
$\cross\frac{|\lambda|}{(2\pi)^{2}}\sum_{n=0}^{\infty}\delta[E-\frac{\hslash^{2}|\lambda|}{m}(n+\frac{1}{2})-\frac{\hslash^{2}k^{2}}{2m}]$
8L. D. Landau and E. M. Lifshitz, Quantum Mechanics -Non-Relativistic Theory - (Pergamon Press,
New York, 1976), Sec. 112.
52
[ ]
$Q(S)=\alpha S$ $\alpha=0$ , $N(E)\propto\text{ _{}E}$ , $\alpha$ ,
$E$ , $N(E)\propto E/\alpha$ , $Q(S)=\alpha S$ ,





$\sum_{n}arrow I=\frac{1}{2i}\int_{C}$ dztanh $( \pi z)\frac{-(z/i)+\sqrt{(z/i)^{2}+g^{2}}}{\sqrt{(z/i)^{2}+g^{2}}}$
$C$
, $I$































$\Theta_{i}(p, q)=0$ , $i=1,$ $\ldots,$ $k$
$\delta\int dt(\sum_{n}p_{n}\dot{q}_{n}-H(p, q)-\sum_{i}u_{i}\Theta_{i}(p, q))=0$
$\int dt\sum_{n}[\dot{q}_{n}\delta p_{n}+\delta\dot{q}_{n}p_{n}-\frac{\partial H}{\partial p_{n}}\delta p_{n}-\frac{\partial H}{\partial q_{n}}\delta q_{n}-\sum_{i}(\frac{\partial\Theta}{\partial p_{n}}\delta p_{n}+\frac{\partial\Theta_{i}}{\partial q_{n}}\delta q_{n})]$
$= \int dt\sum_{n}[\delta p_{n}(\dot{q}_{n}-\frac{\partial H}{\partial p_{n}}-\sum_{i}u_{i}\frac{\partial\Theta}{\partial p_{n}}|)+\delta q_{n}(-\dot{p}_{n}-\frac{\partial H}{\partial q_{n}}-\sum_{i}u;\frac{\partial\Theta_{i}}{\partial q_{n}})]$
$=0$
$1p$. A. M. Dirac, Can. J. Math. 2 (1950) 129; P. A. M. Dirac, Lectures on Quantum Mechanics $($
Yeshiva Univ. Press, 1964); ( , 1991)
55






$[A, B]= \sum_{n}(\frac{\partial A}{\partial q_{n}}\frac{\partial B}{\partial p_{n}}-\frac{\partial B}{\partial q_{n}}\frac{\partial A}{\partial p_{n}}I$
$\Theta_{*}\cdot=0$
$\dot{\Theta}_{i}=0$
$[ \Theta;, H]+\sum_{j}u_{j}[\Theta_{i}, \Theta_{j}]=0$
$u_{1}$
$u_{1}=- \sum_{j}(M^{-1})_{\text{ }}$. $[\Theta_{j}, H]$
$M^{-1}$
$M:j\equiv[\Theta_{i}, \Theta_{j}]$
$[A, B]^{*}=[A, B]- \sum_{i_{J}}[A, \Theta_{i}](M^{-1})_{\dot{\text{ }}}[\Theta_{J}\cdot, B]$
$\{\begin{array}{l}\dot{q}_{n}=[q_{n},H]^{*}\dot{p}_{n}=[\rho_{n},H]^{*}\end{array}$




$[A, B]^{*}=[A, B]+ \frac{1}{\Gamma}([A, \Theta_{1}][\Theta_{2}, B]-[A, \Theta_{2}][\Theta_{1}, B])$
$\Gamma=\sum_{n}[w_{n}^{/}(X)]^{2}-\sum_{n}w^{u}(X)q_{n}$
$\ovalbox{\tt\small REJECT}[\rho_{n}^{n},P]-\frac{1}{\Gamma}w_{n}’(X)\sum_{l}^{[p_{n}}w_{l}^{n}(X)p_{l},X]^{*_{*}^{*}}=-\frac{1}{\Gamma}w_{n}’(X)[q_{n},P]=-\frac{1}{\Gamma}w_{n_{/}}(X)[q,X]_{*}=0[X^{n},P^{m_{*}}]=1+\frac{1}{\Gamma}\sum_{\sum_{l}w_{l}^{\pi}(X)q_{l}}^{-\frac{1}{\Gamma}w_{n}’(X)w_{m}’(X)}[q,p]^{*}=\delta_{nm}nw_{n}^{u}(X)q_{n}$











$= \sum_{n}\frac{\partial U}{\partial u_{n}}w_{n}^{/}(X)+\sum_{n,l}\frac{\partial^{2}U}{\partial u_{n}\partial u_{l}}(\{w(X)\})q_{l}w_{n}^{/}(X)$




$0= \frac{d}{dX}\frac{\partial U}{\partial u_{l}}(\{w(X)\})=\sum_{n}\frac{\partial^{2}U}{\partial u_{n}\partial u_{l}}(\{w(X)\})w_{n}^{/}(X)$










$\{\begin{array}{l}\dot{X}=\frac{1}{m\Gamma_{0}}P\dot{P}=-\frac{\partial}{\partial X}H_{ph}(q,p.\cdot X)\dot{q}_{n}=\frac{\partial}{\partial p_{n}}H_{ph}(q,p.\cdot X)\dot{p}_{n}=-\frac{\partial}{\partial q_{n}}H_{ph}(q,p\cdot.X)\end{array}$
, $\Omega_{lk}(X)$ , $U_{lk}(X)$ , ,
$\{\begin{array}{l}\sum_{k}\Omega_{lk}(X)w_{k}’(X)=0\sum_{k}U_{lk}(X)w_{k}’(X)=0\end{array}$
[ ] 11





































$= \frac{1}{l_{0}^{2}}$ sech2 $[ \frac{\pi}{l_{0}}(n-\frac{X}{a})]$
$= \frac{1}{l_{0}^{2}}[\frac{2l_{0}}{\pi}+(2l_{0})^{2}\sum_{n=1}^{\infty}ncosech(n\pi l_{0})\cos(\frac{2n\pi X}{a})]$
$= \frac{2}{\pi l_{0}}+4\sum_{n=1}^{\infty}ncosech(n\pi l_{0})\cos(\frac{2n\pi X}{a})$
$l_{0}$ , $l_{0}$ ,
, $l_{0}arrow\infty$ $0$
